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A CaiTARISON WITH FLIGHT DATA OF VERTICAL-TAIL LOADS 
IN VARIOUS MANEUVERS ESTIMATED FROi; SIDESLIP ANGLES 
AND RUDDER DEFLECTIONS • 

By Howard L. Turner 


SUMMARY 

A comparison Is made of the vertical— tail loads deter- 
mined from pressure-distribution measurements in flight in 
various maneuvers with the corresponding vertical-tail loads 
calculated, using the values of sideslip angles and rudder 
deflections as measured during the various maneuvers. The 
maneuvers investigated included slow rolls, steady sideslips, 
fishtails, and rolling puli— outs. The loads were calculated 
only for the sid.eslip angles and rudder deflections corre- 
sponding to the maximum measured load in each maneuver. For 
the maneuvers investigated, the calculated loads were found 
to be conservative by approximately l6 percent as compared 
with the experimental loads. The sources. of error in the 
methods of estimating some of these aerodynamic parameters 
and their effects on the vertical-tail load computations arc 
discussed briefly. 


INTRODUCTION 

In several of the more recently proposed methods for 
computing critioal vertical-tail loads, it is necessary, in 
a given type of maneuver, to determine the values of sideslip 
angle £, the. rudder angle S r , and the yawing velocity r., 
In~order to predict the total vertical-tail loads. Methods for 
predicting these values analytically for various types of 
maneuvers are presented In references 1, 2, and 3, although 
in some of these cases partial verification of the general 
method of computing vertical-tail loads is provided by 
comparing computed results with values from flight tests, 
there still remains some uncertainty as to the accuracy with 
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which, the total vertical-tail loads may "be predicted using 
available means for estimating' aerodynamic parameters from 
airplane geometry alone. 

In order to provide data to further substantiate the 
validity of one step in the prediction of tail loads, flight 
tests were conducted on a propeller-driven fighter-type air- 
plane in which- vertical-tail loads were measured, by orifices 
on the surface of the vertical tail, in various static and 
dynamic maneuvers. Simultaneous values of sideslip angle, 
rudder deflection, and yawing velocity were also measured. 

From these data and the. aerodynamic parameters evaluated using 
the vertical- tail geometry, the vertical-tail loads were 
computed and then compared with the corresponding loads 
measured in flight. 


SYMBOLS 


L-fc total vertical-tail load; pounds 

(Positive when acting to the right, ) 

Vt true airspeed, feet per second,:-....-... 

indicated airspeed, miles per hour . 

|Vi = 1702 + 1^)0.286 -lj^j 


qo free stream dynamic pressure, pounds per square foot 

q-fc dynamic pressure at the tail,- pounds per square foot 

q 0 Impact .pressure shown by. pitot-static tube, pounds 
. per square inch . .... 

S-fc. vertical-tail, area, square feet : 

It distance from airplane center of gravity to rudder 
hinge line, feet ; 

c local vertical-tail chord, feet 

P Q resultant pressure, pounds per 1 squaro fo'ot 



NACA RM No. A7F25 


on 

On 

r 

P 


cp 


section normal— force coefficient 

normal— force coefficient 

yawing velocity, radians per. second 

angle of sideslip, degrees 

( Positive when right wing f orward. ) 

fin offset, from fuselage center line, degrees 
(Positive when leading edge to the left.) 


cr angle of sldewash, d.egrees 

5 r rudder deflection from fin center line, degrees 

(Right rudder positive. ) 

at effective vertical— tail angle of attach, degrees 


T 



relative rudder effectiveness 

( dat = ft c Nt/d s :r "N 
^d6r dCNt/ dcct ' 

vertical- tail lift-curve slope 


slope of vertical— tail normal— force 

coefficient versus rudder deflection curve 


TESTS, APPARATUS, AND PRECISION 

The test maneuvers used in this Investigation were 
steady sideslips, slow rolls, fishtails, and rolling 
pull-outs. Steady sideslips were made with power off 
and with normal rated power. All other maneuvers were 
performed with normal, rated power only. All the tests 
were made at an average altitude of 10,000 feet. 

The test vehicle used in this investigation was a 
single— engine, propeller-rdrlven, fighter- type airnlane. 
(See fig. 1.) NACA continuous— film recording instruments 
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were used to measure, as a function of time, the control posi- 
tions, sideslip angle, yawing velocity, airspeed, altitude 
and the resultant pressures over th^ vertical tail. Figure 2 
is a side view of the vertical tail of the test airplane 
showing the principal dimensions and tho locations of the 
pressure orifice stations. 

The precision, with which the sideslip angles and the 
rudder deflections were measured was believed to, be ±^°. 

The vertical- tail loads obtained from the 'pressure distri- 
butions are believed to. be accurate: to percent for the 
static maneuvers and ±5 percent for the dynamic maneuvers, 
depending upon the magnitude of the . load. 


METHOD 

Tho total aerodynamic load on.. the vertical tail for any 
static or dynamic maneuver may be given by the expression: 


Lt = St qt 



+ 


57.3rH 
■ ■ • ■ — + 
Y? 


CD 


+ c 


Aba A 


+ 6p 



a) 


For convenience in the .use of this ;expression, equation (1) 
may be written as 


Lt = St q‘t 



(2) 


where 


at = p + ' <¥> + 


a + 


57.'3rlt 

Vt 


+ T5r 


(2a) 
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where . 

* dC Nt /dS r 
T " 6G Nt /6at 


In applying these equations to the computations of 
vertical-tail loads, it is necessary that the methods of 
defining the coefficients he considered. In equation (2), 
the area of the vertical— tail St was assumed to he the area 
of the fin above the fin-fuselage juncture plus the movable 
area of the vertical ts.il; this assumption conforms with the 
convention set up In reference 4-, This is the area covered 
by ‘the pressure orifices as shown In f igure 2. The dynamic 
pressure at the tail qt was assumed to be equal to the 
free-streem dynamic pressure q 0 . The slope of the vertical- 
tail lift curve was estimated from figure 3 of reference 
The effective angle of attach of the vertical tail at Is 
given by equation (2a). 

In evaluating equation (2a) for the present analysis, 
the values of sideslip angle, rudder deflection, yawing 
velocity, and airspeed are those measured in flight at the 
time of maximum sideslip, and correspond to the maximum 
loading condition In the maneuvers investigated. The fin 
of f set~angle cp Is fixed at 1° left of fuselage center line. 
The angle of sidewash, discussed in ref orence 4 , was neglected 
in this report due to the lack of sufficient information for 
accurate estimation; The relative rudder effectiveness t, 
which is based on the relative areas of the rudder, the 
rudder balance, and the vertical tail, was estimated from 
figure K of reference Since this report deals with load 

conditions at the time of maximum sideslip, the Increment of 
angle of attack due to yawing velocity may be neglected. 

Hence, for the purpose of this investigation, the effective 
vertical- tail angle of attack may be expressed as 


at = P + cp + T5 r 


Using the dimensions shown in figure 2, the following 
geometric parameters were evaluated: 

G-eometric asoect ratio = b®/St = = 


( 3 ) 
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Effective a.spect ratio =-1.55 (0.SS4) = 1.37 
Sr/St - rf»4j§ - 0.502- 

®b/ S r = Ml = 0-159 ' 

J * S S 

These .parsjnetors wore. applied to figures 3 and 4. of refer- 
ence 4- to establish the values of the following: 


(dCjj/dcc) t = 0.03.5 

t = 0. 714- 


RESULTS AND DISCUSSION 


Typical pressure distributions :are presented in figure 3 
to show the typo of data from which ! the experimental loads 
were obtained. From these pressure 'distributions and from 
similar plots not included in this report, the experimental 
total vertical-tail loads were evaluated. In figure l4-(a) the 
flight-measured loads are compared with the calculated loads 
at various indicated airspeeds for two power conditions. 

Figure 4(a) indicates that, for the maneuvers Investigated, 
the effects of power appear to be negligible, and that the 
calculated vertical- tall loads were approximately lo percent 
greater than the corresponding flight-measured loads. This 
discrepancy is not too. large and may be acceptable for prelim- 
inary design. ■ However, a brief discussion of the possible 
sources of error entering into the tail load equation may be 
of some aid in interpreting these results, 


of 


In 

Qt ad- 


equation (2), 
,/dCN' 




da 




it is seen that the accurate estimation 
is necessary before any conclusion can be 


made about the adequacy of equation ;(3). Although an error 
in qt would effect a.. similar error in the va.lues of the 

calculated vertical -itail loads, agreement of the power-on and 
power-off data of. this report indicates that for the speed 
range and test condition investigated, the assumption of 
qt = Qo introduces negligible error. 
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The estimation of (%=-^ "by the method of reference 4 

\ da / -fc 

is subject to possible error, since the effective aspect ratio 
of the vertical tail is determined by the use of several arbi- 
trary assumptions. Figure 5 compares the experimental 
vertical-tail lift— curve slope obtained from flight data with 
the estimated vertical-tail lift-curve slope from reference 4 
for a rudder angle of approximately —3°. The experimental 


ve.lue of 




of 0,030 is 13 percent less than the value 


^da /fc 

of 0.035 estimated from reference 4-. This difference is 
sufficient to account for most of the discrepancy noted 
between the measured and the computed vertical-tail loads. 
Consideration of the values of 5 r and p + ra at = 0 

indicates a value of r of about 0.2>0 which represents a 
reasonable check’ of the assumed value of 


Figure 6 indicates a sizeable, difference between static 
and dynamic maneuvers in the effective angle of attack of the 
vertical tail due to rudder deflection, particularly in left 
sideslip. In an effort to determine the sensitivity of the 
estimated vertical- tail loads to the value of the relative 
rudder effectiveness t, the computed loads were recalcu- 
lated using another value of t differing from that origi- 
nally used by about 30 percent. The results of the compu- 
tation are shown in figure 4(b). The estimated lift— curve 
slope dC^/dat was unchanged from that used in the compu- 
tation for figure 4(a). It may be seen In figures 4(a) and 
4(b) that although the new value of t somewhat reduces 
the difference between static and dynamic maneuvers, it does 
not reduce the discrepancy between flight loads and computed 
loads. It may be further observed that the use of t = 0.5 
introduces an asymmetry in the alinement of the test data 
but does not reduce appreciably the over-all dispersion of 
the test points. However, It may be concluded that small 
changes in the value assigned to the parameter t do not 
greatly influence the agreement obtainable between flight- 
measured and computed vert iced.- tail loads,’ - 


CONCLUSIONS 

On the basis of the tests conducted on a typical fighter 
_type airplane, the following conclusions were reached which 
are probably generally applicable only to airplanes having a 
\ 
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tail configuration similar, to the.t tested; 

1. The effective angle of attach . of the vertical tail 
under maximum loading conditions is adequately, defined by, 
combining the sideslip angle vrith the fin, offset angle and the 
angle increment equivalent to the rudder .. -d.ef 1 ect io p. , 

2. If the maximum sideslip, angle and the rudder deflec- 
tion at the time of maximum loading ;of the vertical ta.il are 
known, the maximum loads in static~and- dynamic maneuvers may 
be predicted fairly accure.tely. Using current, methods of 
estimation, the calculated vertical-? tail loads; were found to 
be approximately 16 - percent gree.ter ;_than the corresponding 
flight-measured loads.' 

3. The most- important Bincle factor in this estimation 
of vertical- tail' loads appears to be the vertical-tall lift- 
curve slope. Further improvements in the accuracy of esti- 
mating ths vertical— tail loads appear to be dependent upon 
more accurate means for ^estimating ..the vertical*- tail lift- 
curve slope. 


Ames AeronauticdLLaboratary , 

National -Advisory Committee for Aeronautics, 
Moffett Field, Calif. 
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Rudder area (aft hinge tine ) 9.55 sq. ft 

Total vertical tail area 19.01 sq.ft 

Effective span (tip to center line horizontal tail ) 4.1 ft 
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Fig. 4 b 
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